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Abstract 
TeleFOT is a Large Scale Collaborative Project aiming to assess, by conducting Field operational Tests, the impacts of 
functions provided by aftermarket and nomadic devices in five distinct assessment areas; Safety, Mobility, Efficiency, 
Environment and User Uptake. The objective of this paper is to present the analysis plan for efficiency assessment, by 
measuring a set of parameter indicators which characterise traffic efficiency (speed, travel times, traffic composition, etc.), 
and thus make an estimation of the level of traffic efficiency on the network and whether this is influenced by the use of 
aftermarket and nomadic devices. 
 
© The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Program Committee. 
Keywords: FOT; Traffic efficiency; Nomadic device; TeleFOT, Analysis plan 
1. Introduction 
TeleFOT is a Large Scale Collaborative Project under the Seventh Framework Programme, co-funded by the 
European Commission DG Information Society and Media within the strategic objective "ICT for Cooperative 
Systems".Officially started on June 1st 2008, TeleFOT aims to test the impacts of driver support functions on 
the driving task with large fleets of test drivers in real-life driving conditions. 
In particular, TeleFOT assesses, by conducting Field Operational Tests, the impacts of functions provided by 
aftermarket and nomadic devices, including future interactive traffic services that will become part of driving 
environment systems within the next years. Field Operational Tests developed in TeleFOT aim at a 
comprehensive assessment of the efficiency, quality, robustness and user acceptance of in-vehicle systems, such 
as ICT, for smarter, safer and cleaner driving. The analysis undertaken within the TeleFOT project aims to 
assess the impact of after-market nomadic devices in five distinct assessment areas; Safety, Mobility, 
Efficiency, Environment and User Uptake. The primary objective of the analysis plan of each area therefore is 
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to take each hypothesis and identify the most appropriate analysis approach for testing it, as well as to identify 
the type of data that will be used, and how to obtain it through the FOTs elaborated within the project.  
The objective of this paper is to present the analysis plan for efficiency assessment elaborated within 
TeleFOT, which is used (along with the corresponding analysis plans of the rest of the assessment areas) as 
guidance in the data collection and analysis during and after the execution of the TeleFOT tests in all test sites. 
What constitutes the final target is the extraction of conclusions, out of the analysis results, regarding the 
impact of the use of the TeleFOT functions on traffic efficiency. 
2. Traffic Efficiency 
A common definition of traffic efficiency can be met as the extent to which a certain transportation input can 
meet the travel demand of people in a transportation system.  In order to assess the traffic efficiency of a certain 
network, measurements should be performed, not only involving private vehicles, but also other users of the 
network, such as the public transport users, pedestrians, etc.  In terms of the tests performed within TeleFOT, 
this is not possible to a whole extend. What is within the scopes of TeleFOT FOTs regarding traffic efficiency 
is the measurement of a set of indicators which are characterising traffic efficiency, such as speed, travel times, 
traffic composition, etc., and thus make an estimation of the level of traffic efficiency on the network and 
whether this is influenced by the use of aftermarket and nomadic devices. 
Traffic efficiency is the main factor that determines the scale of transportation supply and the relationship 
between supply and demand in a transportation system. In a macroscopic point of view, if take transportation 
infrastructure is considered as the input element and transportation mobility (or transportation capacity) as the 
output element in transportation systems, then transportation efficiency is the macro parameter influencing the 
input/output proportion of the system. (Yuan, Lu, 2004). 
Brilon (2000) has proposed to use the parameter 
E=q V T   (1) 
Where:   E= traffic efficiency (veh*km/h) 
 q= volume (veh/h) 
 v=travel velocity over an extended section of the freeway (km/h) 
 T=duration of the time period for analysis of flow (h) 
as a measure to characterize the efficiency of traffic flow on a freeway. This parameter describes the 
“production per time unit” of a freeway. The more veh*km a freeway produces per hour, the greater the 
efficiency with which the potential of the existing infrastructure is exploited.  
Also, according to Sohn (2008), traffic efficiency is mainly affected by the following factors: 
• Average travel speed of road segment (km/h) 
• Average travel speed of intersection (km/h) 
• The relationship between the average speed of a road segment and that of the entire arterial.  
 
The important role of ITS in traffic efficiency has been recognized ever since International Intermodal 
Surface Transportation Efficiency Act was formed in 1991 (ISTEA). Several studies (Antoniou et al, 2002; van 
Arem et al, 2005) have also indicated the positive influence of the use of classic ADAS, controlling the 
longitudinal (and secondarily the lateral) behaviour of the vehicle, as well as cooperative ones, based on car-to-
x communication (Schumacher et al. 2009) to traffic efficiency, thus implying that the limiting parameters of 
these ADAS (speed, time and space headway, lane change behavior, etc.) have a positive impact to traffic 
efficiency. Moreover, also the use of car navigation and route information have been found to contribute to 
traffic efficiency. 
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3. Data 
3.1. Research questions & Hypotheses 
In the case of TeleFOT, the effect of the use of different ITS, whose information is provided with the use of 
nomadic devices, is examined in terms of several areas, among which also traffic efficiency. For the needs of 
the project a series of research questions (RQs) have been proposed, bearing in mind all the above. The final 
selection of the research questions depended also on the interaction between the different areas (safety, 
mobility, efficiency, environment) as well as the actual measuring potential of the implied 
parameters/indicators by the devices to be used in the FOTs. 
The initial research questions selection has been made following a 3-level approach. The distinction lies in 
the level of detail each category encompasses.  
Table 1: Example of the 3-level RQ definition 
Primary Research Question Second Level Research Question Third level Research Question 
TRAFFIC FLOW 
(Is there a change in traffic flow?) 
TRAVEL TIME  
(Is there a change in travel times in the 
network) 
Is the travel time from origin to 
destination affected? 
 
DELAYS  
(Is there a change in the delays of the 
vehicles in the network?) 
Are there any delays avoided? 
 
SPEED  
(Is there a change in the vehicle speeds?) 
Are the vehicle speeds in the network 
reduced/increased? 
 
TIME HEADWAY  
(Is there a change in the time distance 
from the preceding vehicle) 
Is the time headway between the vehicles 
increased/decreased? 
 
The restrictions imposed by the TeleFOT functions have been taken into account in order to come up with 
the final research questions to be answered through the FOTs (large scale and detailed) to be performed within 
the project. This has been done by analyzing the importance of each RQ with regard to the TeleFOT functions 
and the feasibility of data collection. 
Upon resulting to the final list of selected RQs, one or more relevant hypothesis has been defined, following 
the 3rd level of detail RQs. The final selection of RQs and hypotheses for traffic efficiency assessment can be 
seen in the following table. Of course it has been recognized that, during the actual FOTs execution, there may 
rise issues that would impose the elimination (or even the addition) of some RQs and relevant hypotheses. 
3.2. Variables 
To perform the assessment of the effect of the nomadic devices in examination on traffic efficiency, there 
was the need to determine the variables that needed to be measured in order to answer the research questions 
that have been defined. Moreover, the means needed to have these variables measured should also be identified. 
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In this prospect, all variables that are required for testing the efficiency assessment related hypotheses have 
been specified, along with detailed linking of these variables to the selected hypotheses.   
Table 2: Final list of Efficiency RQs and Hypotheses 
Third Level Research Question Possible Hypotheses 
 Is the travel time from origin to destination affected? Travel times are likely to increase/decrease (when device is 
used compared to when device is not used) 
Are there any delays avoided? Delays are likely to be avoided. 
Are the vehicles speeds in the network reduced/ increased? The vehicle speeds in the network are likely to be reduced. 
 The vehicle speeds in the network are likely to be increased. 
Are there any traffic jams avoided? It is likely that traffic jams are avoided. 
Is the time headway between the vehicles increased/ decreased? It is likely that the time headway between vehicles is increased. 
Is the distance from the preceding vehicle larger/smaller? It is likely that the distance from the preceding vehicle is larger. 
 It is likely that the distance from the preceding vehicle is 
shorter. 
Table 3: Summary of variables required for efficiency assessment. 
Variables to SELECT on† Variables to ANALYSE‡ Variables to INTERPRET results§ 
Measure 
Data source 
& whether in  
L +/or D-FOT 
Measure 
Data source 
& whether in  
L +/or D-FOT 
Measure 
Data source 
& whether in  
L +/or D-FOT 
Specific driver Data logger (if 
only one possible 
driver per 
vehicle)/CAN 
+ travel diary (if 
multiple drivers 
per vehicle), L, D 
Duration of 
journey 
Travel diary  
OR Data 
logger/CAN 
L,D 
Reason for change in 
travel time 
Travel diary 
OR Interview 
L,D 
 Data logger (if 
only one possible 
driver per vehicle) 
+ travel diary (if 
multiple drivers 
per vehicle), L 
Time of journey Travel diary  
OR Data logger 
L 
Reason for using ND 
on this 
journey/leg/link 
Travel diary 
OR Interview 
L 
 
Data logger/ CAN 
L,D 
Speed Data logger/CAN 
L,D 
Reason for 
increasing/decreasing 
speed 
Travel diary 
OR 
 
†
 variables that the FOT must record/measure so that you can SELECT the appropriate data files for analysis 
‡
 variables that the FOT must record/measure so that you can ANALYSE the impact of the nomadic device, i.e. the dependent variables 
§
 variables that the FOT must record/measure so that you can INTERPRET the results and come to conclusions about why the effects 
have occurred 
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Variables to SELECT on† Variables to ANALYSE‡ Variables to INTERPRET results§ 
Measure 
Data source 
& whether in  
L +/or D-FOT 
Measure 
Data source 
& whether in  
L +/or D-FOT 
Measure 
Data source 
& whether in  
L +/or D-FOT 
Interview 
L,D 
 
CAN 
D 
TTC CAN 
D 
Reason for altering 
time headway 
Background 
questionnaire 
Interview 
D 
 
CAN 
D 
DTC CAN 
D 
Reason for altering 
distance 
Background 
questionnaire 
Interview 
D 
 
Travel diary Mode of transport 
selected 
Travel diary  
L 
Reason for using 
changing 
transportation mode 
Travel diary 
OR 
Interview 
L 
Traffic 
environment 
Travel diary 
Test planning 
L,D 
Type of driving 
environment 
(highway, rural, 
urban, etc.) 
Travel diary  
OR 
Data logger/CAN 
L,D 
Attitudes and reasons 
to: 
- change type of 
driving environment 
Background 
Questionnaire 
Travel diary 
L,D 
Time of journey Travel diary  
OR Data logger 
L 
Date of journey Travel diary  
OR 
Data logger 
L 
Perceived changes 
and reasons in:  
- selected time of 
journey 
Background 
questionnaire 
Travel diary 
L 
4. Impact assessment approach 
4.1. Data collection and analysis 
The impact assessment will be performed, as mentioned above, in terms of collecting and analyzing data 
(variables indicators) in order to answer the predefined research questions and deriving hypotheses. As already 
discussed, all the required variables have been defined and the ones that could not be measured by the available 
data collection tools and equipment were eliminated. Thus, for each hypothesis an analytic strategy has been 
developed for answering the corresponding research question, i.e. which data is needed in each case, how will 
this data be collected (tools, methods, etc.), who will be responsible for the collection and analysis of each data 
set, what would be the criteria for the analysis (Gaitanidou et al, 2010). 
For the conformity of the final project results, it is within the scopes of the impact assessment to also 
perform consolidation of the results across the different impact areas. This will ensure that each impact area 
takes a broad view of all of the results coming from each of the test sites and from all of the hypotheses. 
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However, it is still important to review all of the results in order to establish whether further impacts are seen 
that need to be considered beyond the Hypotheses considered in this analysis plan. 
As with all FOT data, in TeleFOT there will be a requirement to generalise the results to the general driving 
population – otherwise there is little overall value in conducting the FOT in the first place. However, this is not 
straightforward and the main problem is determining how close the TeleFOT subjects represent the target 
population. 
Table 4: Main risks and contingencies 
Risk including risk severity (e.g. 
low, medium, high) 
Reduction (how the risk can be managed) Solution (if the risk happens) 
Missing data at point of collection 
(medium risk, medium severity) 
Arrange check-list of required data-fields to 
ensure that collection is fully specified.  
Missing data will be denoted as such in 
analyses and caveats will be applied to 
results. 
Loss of data post-collection (low 
risk, high severity) 
Ensure that data back-ups are provided 
(main server and DVD) 
Back-up will be utilized. If data cannot 
be recovered, same caveats as above 
will be applied  
Inconsistent data across test 
communities meaning comparisons 
cannot be made (low risk, medium 
severity) 
Data quality control is foreseen, Pilot data 
analysis conducted and problems identified. 
Data consistency will be ensured also 
through data review process.  
In this unlikely event, data analyses will 
not be conducted where data 
inconsistencies are found 
Insufficient data to ensure scientific 
rigour/statistically valid outcomes 
(medium risk, high severity) 
This will be established and addressed in a 
pilot study –  any indications that the data 
will not give statistically robust results will 
result in revision of methods, tools and data 
specification  
In this unlikely event, the data analyses 
will be modified accordingly and the 
validity of the outcomes described. 
Privacy of participant data 
compromised (low risk, high 
severity) 
All reasonable measures will be taken to 
ensure privacy. Protocols will be developed 
based on expert advice. 
Data stored in lockable filing systems – no 
personal data stored on database. Participant 
identification shredded shortly after use.  
Participants will be informed of privacy 
compromise and appropriate remedial 
actions will be taken in consultation 
with participants.  
Commercially confidential data 
compromised (low risk, high 
severity) 
informed before participation that all 
reasonable measures will be taken to ensure 
commercially sensitive information will be 
kept confidential.  
Stakeholders will be informed of 
compromise and appropriate remedial 
actions will be taken in consultation 
with stakeholders. 
Benchmarking/crash-tests identify 
planned devices/applications as 
intrinsically unsafe and/or unusable 
in FOTs (low risk, high severity) 
FOTs are using mature technologies hence 
the risk of unsafe/unusable systems should 
be low. 
Stakeholders and partners responsible 
for national FOTs will be informed of 
results of crash-tests and recommended 
remedial actions will be proposed (e.g. 
restricted use of devices/functions or 
alternative devices/functions used) 
 
A straightforward method in statistical analysis is to simply pool the data from different sites to form a 
single data set and perform statistical analysis as if they were measured in a single site. Due to the different 
driving rules and regulations, and potentially different driving characteristics of drivers in the countries where 
the TeleFOT tests are conducted, this approach is not efficient because the country-to-country variation is not 
taken into consideration in the analysis. Instead more complicated linear mixed-effect models will be 
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incorporated, which include both fixed effects and random effects in the analysis. Specifically, the hypotheses 
formulated in the previous sections are tested using linear mixed-effect models, where a factor termed ‘country’ 
is included and is treated as a random effect in the models so that the country-to-country variation is taken into 
account when the effect of device in use on the primary variables of interest is tested. 
4.2. Risk analysis 
Regardless of how well the data collection, collation and storage have been realised, there is always the 
chance that there will be problems and constraints in data analysis. Contingencies may be required in the case 
where problems occur with missing, lost, erroneous or inconsistent data. 
Within TeleFOT a relevant risk assessment has been performed, where possible related risks have been 
identified, methods to manage these risks are presented, as well as solutions are proposed in case this risk is 
actually confronted. A list of the main identified risks, managing measures and solutions has been created and 
will be used as guidance and consulting tool in any such case. 
5. Conclusions 
The aim of TeleFOT project, as mention above, is to assess the impact of use of nomadic and aftermarket in 
vehicle devices. This impact is considered in terms of different assessment areas: safety, mobility, traffic 
efficiency, environment and user uptake. To perform this assessment in a concise, uniform and effective way, a 
detailed impact analysis plan has been elaborated for each impact area. In this paper the impact analysis plan 
for traffic efficiency is presented. 
The first step has been to define traffic efficiency and identify the parameters that are influencing it. This has 
been done through research in scientific literature. The next and very crucial step has been to select the research 
questions that need to be answered by the results of the analysis. For this, the methodology that has been 
developed within the FESTA project has been used as a guidance. The innovation that has been achieved is 
that, within TeleFOT, this methodology has been further elaborated and adapted for the needs of the project, 
addressing nomadic devices. 
After selecting the research questions, and forming the corresponding hypotheses, the variables that need to 
measured for answering them had to be specified. Thus, for each hypothesis detailed strategy has been 
developed, specifying the variables that need to be measured, as well as how these will be measured and how 
data will be collected during the tests. Both subjective and objective data items are foreseen to be collected 
during the TeleFOT FOTs and this is a great benefit as it will allow comparative analysis where relevant.  
It should be noted that risk analysis has also been performed as part of this analysis plan, as it might be the 
case that shortcomings in data collection, storage or quality occur. Possible risks and problems have been 
identified and the ways to manage or solve them are proposed. 
It should also be highlighted that the data to be analysed in TeleFOT is collected in tests performed in 8 
countries (Greece, Italy, Spain, Germany, Sweden, UK, Finland) grouped in 3 test communities (Northern, 
Central, Southern). Moreover, there are 2 types of tests performed:  
• the Large Scale FOTs, employing a greater number of participants for a longer period of time, 
• the Detailed FOTs, performed in a smaller scale, aiming to test specific aspects of the functions and also the 
combination of nomadic devices with ADAS. 
This structure implies the collection of a great variety and volume of data. For this reason TeleFOT has 
developed and is using a functional database, allowing the analysts to retrieve the required data at any time. 
Moreover, the multi-cultural nature of data may influence the analysis. For this reason, proper analysis 
approach is followed (as described above) for the extraction of meaningful and consistent results. 
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Finally, it may be stated that in TeleFOT, the analysis plans that are elaborated for the impact areas, thus 
also for traffic efficiency in this case, strive to take into account all parameters that are important for the 
assessment of data, as well as for its appropriate analysis, in order to guarantee the quality of results. 
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